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A Study of the Application Genetic Algorithm for Bus Location 
Routing Problem 

1  ÄÅÆ2 
 1.	
 
                      2. 
 
TU 
    ) +xy}~|(Genetic Algorithm,GA)?zf{|,{1345
60= Y·(Location Routing Problem);8!}~|K,_}~
X]xy) |"Ñ# ,94$<Ö|
Kt) !p|K,+xyAp, ;*±xyzf
{|!{89*<= ?F)ý%8tdxyzf{{½~%
o&BCfz3%âê)ÁÂÀ·/0¦öéÕ(ù ,~à
JGHIxy}~|{½~,3%âÉ'áös ;~à) ¥Bwx
yzf{|±}~|ó{13456*<(=>Y·)_./0A
ÀAG|ÁÂtG*+|!{F)KL_}~
|!{F)* ,Guvý,3.19%,-GA>=*<(*+?
Óyè¢ü*+óòût,lF)%K_456F)(BC).ý,*:,
à4/}~|0*+è8]|1¹*+>:42t 
 
VWXY 
    dÅ(Q:7µºL8ns012F37þ4tz7 :ú
5d_62ó{_16QA3v7=)~àab77/
v83%â<¤97:56?56= ,¼:9;Ó<7012
f=87>"t) 7],-1275627t356
7*(L=>:3Q:,_&16Q?¦ß=7pq@AtLo
56Q£3%â?16QBµº7X¤9|70= Y·(Location 
Routing Problem;LRP)A8NP-HardY·,) *(L_{3%â0?
:56=ÇCt Åùös_3%âó:562)8D
Eõöt7¥?yF)* ¡%127E?ù?
¡.FGt6270= HL¥0ab?= ÇCIAýþ7DE,_JÊ
âK¢9<7*<(tà8Y·H>=*<(Y·78,~Aü{LEIA8
>=×ab8P¬±¬v9F7{Ö<tàY·7ýþ -0Y·?
-= Y·7 ýN([t!HM~dl79<*<(77*¦¼Aý
þ{)_?à8Y·A8ýNONP-HardY·t~àz7{·|:
Aò¦P{7<zf{|(HeuristicsQtëÙ*¦¼8[R8{7{·|)
É½:SMNø0= Y·)(¦|yd8]7Y·t(>=¤½â,
Kd{½~½dTN,wy8]62ù|óD*<(7UV)K~A>=
BC71TNä!771ÃâWXt!_AYü("{òY·7{
L)ýþ Z[×\wyzf{|tà|E]ò¦P*<{7<{)![
{|8]:^]_H*<{7_H*+| ;~àA`/G7\,aù?E
ù,) ¥xy}~|?zf{|WÀ·ÁÂt 
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ZW7 
    12`üY,s7øù,:bc ,(Ad9ü:
4eå¢¡.²S,KÕ7fghû7:562,~à) ¥_þ1
?56=>Å<_,-1=>%716QAiv,_cÄ756QóD1
34567=>7,_X@XF)?F)<* A]^,j
¢Gp%klþ+7X ,ó×¦d*7(7123456=
>t×¹!¹,) 8mv16Q?y7º_óöé,Eµ
º8PgùX¤(Nonlinear Programming;NLP),!P%¢DE'XK
EËÌ:56Qnx7'X(W),=×o'X(X),?56¡.p(F) 
)!öé7F)X@XF)?F)q¹¡: 
(A) X@7XF) 
X@7XF)(Xâ\F)?36krF),¯sBA6â\F)(Ë
Ì1?56),6§4â\F)?¹Ù6Qâ\F);¢%,X@¹56
Q!;¹â\F)É@A56=ab,!_àÉöé;d1f÷t
Ö,Adu()vw¥â\F)?6§XF)<xA41yF)
tb)yF))öé41yF)l£564â\F)l£
56yâ\F)lt 
zBQ{F)| 
        {F)HËÌ6}F)£F)£6}~F)£
6_µ¤ôF)£Q1F)....t)¥u(<xA56{F)t
IJ,56QêF)))Ku(AêF)lt 
¥)7]^?	¡: 
8£]^X 
MIN Z(W,X,F) 
RCBCdWCdBOC 
)+_Ý âF)* A]^X,¢ËÌ_¡lF)l],Bw§­
¡: 
 (1).41yF)(RCQ 
      4@y17F)EBA6§F)zR`rQ?yF)(R`w),8]16
§XF)A: 
 
 
 
 
 
`r:16§Xâ\F)(/- â) 
`w:1yâ\F)(/- â) 
V`:1ü(5ç/ â) 
`:1f÷p(f/ â) 
djs:jÙsp(5ç) 
qi:iv7s(/ â) 
Wij:g56QIÙj0-1DE'X 
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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 
(2).(BC) 
 
 
 
	
,h:(,) 
U: 
 b:!"#($/%) 
Xihk:k&'(I)h*+, 
1:k&'(i)h-*+ 
0:k&'(i)h.-*+ 
 
(3)./!(WC) 
 
 
 
	
, w:/0!"#(1/$-%) 
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(4).678(BOC) 
	
, 0:9:78(1/$-%) 
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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    NOPQRSTUV LRPWXYZ[ NP-Hard\]^Karp,1971_T`a
H 10,H 50\]bcTde0Ef	g(hEiUVjPklUm
nopqrstuvwx\]yz{|;}~Tx
	K^Exact Solution_T,[i}~T@
^ Approximate solution_0	Q^ Heuristic Approach_b,B Feeder Bus 
Network Design Problem(FBNDP)a[y	^Heuristic 
method_QTa ¡~\]K^ Near Optimal Solution_T
¢£¤¥¦C0i§¨©ª FBNDP 0«¬T­j	QTd
®¯Q°±²³´µ:¶·\]Q^¸¹º­»¼½¾pµ:_¿ VRP
0;³À&'^TWO phaseÁMethod_­jQT8Q( LRPS 0
Location-Allocation-Routing(LAR_ÂÃTÄ¸ºµ:½8&'¾pT½aÅÆµ:
8HÇÈTÉ{ LARÂÃT}~§¨¸Ê	ao®}OPQ8ËÌ;
ÆÍÎÏ­jÐÑÒÓÔ: 
 
 
 
 
 
 
 
 
 
 
 
                                 [                          [ 
 
 
                    
                     Õ                          Õ 
 
        
                      
 
      [                                                         Õ 
 
 
 
 
 
 
Ô@.§¨0 FBNDP	Q0ÐÑÔ 
 
 
 
 
	 

 
 
 

? 
 FBNDP 
 !" 
#$%
 
#$%
 
$% 
&' 
$% 
 
() FBNDP 
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    §¨0FBNDP	QÖ×bØÙÚ,ÆÍÛH2382171/%
,d
a9:78(BOC)H690821 /%K¤ ;}~§¨¬ÜÊ
9:78( b )ÝÞßJàá,aâ-ã±BVä
å­æçè
, ,ØÙÚUV­æä
åÖéäÖê0ëì(TPC)í}H78
(îÇ,ÆÍ&ïØÑ,xdðeä&ï;ñ9:78( b )LV80
0ò,dÆÍäéGí,H0,óôä&'nõ ,õ~Zñ9:
78( b )ö¤,ä
å­æwuv6&'IJ,x6L÷£
î,ø©¼ùÚ¥úû,ä
å¢ü­æi 
 
	
 
    ®}OPQUVdýþXHCVNP-Hard0K\]i
0-ã§¨	
,.ÚCVµ:&\] ,ÚÓ-ã
®}PQ0§¨va8Hµ:&®}OPQ0±²;(1996)®
}OPQV¶·0C,¢C­æt,
¿ !ÍÉ"}#T¢$ªÚ¥%ûÖÑ
}&''( 
	i~§¨)B*,õ+,«ýþÉ"a¿-,ê./0ì,w
®ÐÑva1ÇT£×@Í2Cýþ34«ÐÑ,Ý@Âv5®
}OPQ06iHurley et .aL.(1995_C®}OPQV¶·7­»µ:av5¢
ÇÈÚ­»08Ê¿9:iAdelioCheng^1993_;av<=>?b@
A=>Ef0K\]\]iMiranda et.al^ 1994_íw®}OPQCV
´
rï&\](T¢~Qõ
BC¹3	0CiDE/^1996_a®
OPQH®CT£×FG&HIJ×@K2VLMN\]0O®}O
PQ^TPGA_~QaÓP¬(1)QR	STØÑUVFG&(2)x
9Wó{XPaYZ[\]é"^ 3_^ ºaFG&H@Wó¢É7º_`
P^4_a2.exchangeoshift.exchangeH*,PiHabÒGrefenstette^ 1987_
×õTSP
T~@QFðc<deKiDfØghiQ^Simulated 
Annealing,SA_ojk+lQ(Threshold AcceptanceTTA_HITa@Íjk#
skm¶FG&bab~@ÚniopZ)qZr(1997)Ê®}OP
QbFG=>às\],SUGALPtuv],¢waxåQ¿  
LINDO,½N !yz{¿jPJ8@ËÌ ;|}~(1997)Ê®}O
PQ0@AJ×É	,aLMN\]¦]Y®}
OPQ0,£×¹~@\]0
¼®}OPQi 
    õ\]0KTñÖ"ýþ0y!öLT''{|,R
BVy@ôÖTz[x®}OPQ^Genetic Algorithm_0Kki
 [¹º	KtxåíÖôQi®}OPQ[HollandV1975
¸£×bT°[gOÏÖL×b@OPQTdOPÎÏL
àH^1_{X^2_`^3_*,!ÍÂÃi®}OPQ@A¢
[Ò]ÐÑzRðTR[õdOPÐÑ
iõ
y!
 ¡¢¡0µ£ ;Ò~?@Í¤0OÝ,½v(sk	ýþ,
x¡ ÍQy
k¥¦§¨!
deK0c©iUV ¬,x¡®
}OPQHÚª«Ö¬¼­i§¨Ê®}OPQä
P®: 
(1).¡a@Ís]Ýýþ,R[9¯@Íi 
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(2).õ?@Í°ó!ä±askQÝ,)	^ºe¡i 
(3).õ²78ò,é²³±´µ¶·,Ré²³d¬¸=>i 
(4).78¹@0SºHB»?#,é"d¼¬ºSºbÝýþ,ÌH9½i 
(5).lU*,¿¾]L%±b¿>ýþ!i 
äH@ÍNP-Complete0K\]T0À0z{QTGAaõB
¡\]¬Ü­j)âÓTÁÂþÃyi 
 

LRP
 
    §¨Ê®}OPQäLRPd®ÐÑ¿ÎÏÒÓ: 
1.Ä²ÅsÆ(Initial Population) 
ÊmÆÇ@óÅs,}[ask	ÆødBV\]RS¥[
ö/t[,UV[UgÆøCx²ÈGskàTa
uvýþJ,§¨íÉsk	Æi 
               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ô;.§¨0 FBNDP®}OPQ0ÎÏÐÑÔ 
 
 
*+,-. 
/01 
234567
89:; 
<=>-. 
?@AB,-. 
78C*+
-./01 
DE8-. 
FG? 
HIJK
	? 
L)MN-.OPQR 
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2.7&óÆÏ 
ÊÖÆ²ÅsòTGA½a{X(Reproduction_<`^Crossover_*
,(Mutation_¿ÇÈ/ÊÍPÏbÆ7Ó@óÍ]dÏTàÜZÒ
Ó: 
(1_{XË ÌÍ]ÎÏ{XTÐÑÌÍ]@Ò¬TÓÔ{X@Í-¡
Í]T§¨ÖÝ{Xk)Í]2J#[zËT2J¤ÕÎÏ{X
Ó@ókNÌLi@RSKÖx¶·QHÖ×ØÙäÚÛQ
^Roulette_ÜT2JÝ¤ÕTdÖÞªÚÛßàËNÝLTX¶
kNÌ
Li§¨ÄÊà	,8H¶©ªi 
(2_`ËUáÍ¡WóÍ]àÜâeã®}TUV§¨ä
EK
&'}~§¨£×@7`Qí”s]:1`”; s]ÌÍ]`ä
aÆ]:18`±,lUÌÍ]-å`±H@Í7&óÍ]T;Í]-å`
±Sº<bþÃyÙTBV®®}e¢.æLÇ,i              
(3_*,ËHabPÏ
K×Ú®}eTe+çè(Premature 
convergence_Tt[õýþRc<deK0
T}~Ê®}*,2J
skÏTbuv¡ýþRTRUV*,k¢¥öLT}~¥eÓ
Ôsk	é%ei 
(4).ÇÈ:§¨£×êÎ	(River Model)ÇÈQ;~@7®}PQí,Kë"[
õ~v<@ÇÈ1ì8,Kë"[íîõÆ7&óò,õ”¸ïð0Ó,òïÇ
È”,añÆ×7&óyòzÖÎóQí;ÇÈ	í[õ Í7&ó
à
ÜôõdÖÆ&[ÕÉ{t0g¸i 
3.7óB»	-2J 
    lÇÈò7&óÝ2J?(Fitness Function_jPaB» sÌÍ]0
®ö÷øT§¨ù+\]¼?TwàsÌÍ]ÖjP×#)\]
0#ËÌi 
4.Æ&óóWó 
    7ÌÍ]ÆòT`d2CJ`ÌWóHíRó0T`aab+çè
H²³Tíeã¼ù2CJÌZÍ]Ttúõòû°ó¥OHüzK
T}~`+lgÌ/WóýûÑnTBVòû¥Öþui 
5.Ef 
    §¨äaPÛ°ó8HPEfTÊùò°ó0K2C
JÇÝL%T¹º[ÕPi                               
6.\]´µ¿µ	                                          . 
´µ	HÅs¥¦8©ªTÖ©\]¬bva²GT¼ùK9
´µ	[;1´µ( Binary Coding_Ta0T1bñ8®}b\]0¬,U
V§¨ä@
EK&,}~õ´µ	í;		´µieãw
Z´µ	TUV\]ä@sK,}~§¨w^º¶·IJ(Fixed 
String Length)FSL	;1	´µ	TaÓ
p0ÌÍ]´µT
b\]iUVä^º¶·IJ}~õÆ&ó
`.­IJ,à¶
·wa0ói 
Ò:Úõ^º¶·[,a2,6,9H×;RskÇ@rÆ&H9,30,
31,32, ;lôõ.­IJ,}~lÉ71zòÆ7¶·íH9,0,0,0,30,31
,32,0,0;	´µ	ÒÓÖ: 
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@<FSL (Fixed String Length)0;		´µ 
      &' 
 
rq 
 
A 
 
B 
 
C 
 
D 
 
E 
 
F 
 
G 
 
H 
 
I 
 
J 
 
K 
 
L 
1 2 6 9 2 6 9 2 6 9 2 6 9 
2 1 0 16 23 27 0 33 35 39 42 0 0 
3 3 0 15 21 28 0 34 0 40 43 0 0 
4 4 8 17 22 29 0 0 36 41 44 0 0 
5 5 12 18 25 0 30 0 37 0 45 0 0 
6 7 13 19 26 0 31 0 38 0 46 0 0 
7 0 14 0 24 0 32 0 0 0 0 0 0 
8 10 0 0 0 0 0 0 0 0 0 0 0 
9 11 0 0 0 0 0 0 0 0 0 0 0 
 
    §¨aÍ:1H@®}T ®}ó@ÍTøó64Í
^0~2^6_TÌÍ]IJÒÓ	ÖË 
        ·IJ^string length_:1                   
 
7.®}P& 
    {X<`¿*,/ÂÃTUVx;´µ¿ÊÇÈ1z&b@A
7&óT}~¥d¼%e×ÚT}~¬Ü­jP&78	i
UV§¨ä@
EK&,}~K%®}9:H,õ*,Ï

Äask?@8H*,	i 
8.2JjP 
    ä\]ä@	%0\]TÊ¼	x?@ Öõ
0ÛK%T8H?@Í]0®2CJi T
[Êü¥&ï^µ_K&	TnT½æVGAv]
 T
BC ÍÌÍ]0às¿&jP×Ûi 
          
 
    ï&ST[µ&ïSTTàÜÊ	Q)®}OPQ;
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;<¥C±­º: 
± +, # 9: 
 r xÕ9: 1.7 1/$-M 
 o 9:78 40 1/-M 
 w /!"# 200 1/$-% 
 b !"# 118 1/$-% 
T 9:räëì 2.5 1/$-r 
U 78 40 M/% 
L KL&'IJ 25 M 
- ?%éG 80 $-% 
 
5.1ÊØÙ 
!<ØÙ 
&'´. &'ØÑ jPò-ã 
01 9-30-32-33-36-37-40-41-39-42 x(RC)=30383(1/%) 
02 6-12-17-17-21 (BC)=69670(1/%) 
03 6-35-44-38-43-45-46 786(BOC)=69082(1/%) 
04 9-11-15-23-26-28 /(WC)=69082(1/%) 
05 9-8-10-14-20 xÕ=169135(1/%) 
06 2-1 /Õ=69082(1/%) 
07 9-13-16-19 Û(TC)=238217(1/%) 
08 2-3 
09 9-29-34-31 
10 6-7-22-24-25-27 
11 6-5 
12 6-4 
 
 
5.2®}OPQ 
§¨ÊVisual Basic5.0v]b012ÂÏ	,-ã2Â	<±¿ØÙ
àÜZÒÓ: 
 
5.2.1±­º 
§¨õPñ
-ã3<<3×04	­ºT¿ã´µÌÍ]I
J<P&78	¿1zÇÈ	*,k<°ó/Pi­º	[ù+Ê
5ñ±	­ºi2ÂÏskÆ&',ÍÜDÒÓÊ: 
 
 
 
 
 
 
 
 
 
 22
Ê<®}OPQ-ã±­º 
±+, ±# ±+, ±# 
Population size 30 Mutation Invert 
Selection Roulette Mutation rate type Per gene 
Crossover  Population Bite Normalization River Model 
Generation 600 Replacement condition 
 
Annealed 
 
 
6<a^º®}IJ	Ê®}OPQÖØÙ 
 
&'´. &'ØÑ jPò-ã 
01 9-10-14-34-35-41-43-44-45-46 x(RC)=30393(1/%) 
02 6-24-27-29-31-37-38-39-40-42 (BC)=62773(1/%) 
03 9-11-13-15-16-25-30-32-33-36 /(WC)=68724(1/%) 
04 2-1-4-5 786(BOC)=68724(1/%) 
05 6-7-22 xÕ=161891(1/%) 
06 6-17-26 /Õ=68724(1/%) 
07 
08 
09 
10 
11 
12 
9-19-20 
9-23-28 
6-12 
2-3 
9-8 
9-18-21 
Û(TC)=230615(1/%) 
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3.®}OPQ0Pv]õVä0&ï­j(UVääDV@
NP-hard\],}~õxÏ0
,E@²BVskÆs]&¿´µ
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UV§¨äaÆs:18`,Ê7ÇÈ	8H&ó1zG8,}~Æ
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